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Ititrorlitctioti
Adenosine deaminase (ADA; adenosine aminohydrolase, EC 3.5.4.4) catalyses the hydrolytic deamination of adenosine t o produce inosine and ammonia, a reaction in purine degradation [ I ] . The enzyme is widely distributed in the body and, in the rat, high activities are found in lung, spleen and intcstine [ 21.
ADA has been considered a cytosolic enzyme, because it is extracted from rat-brain soluble fraction in an amount of 94.8% 131. However, the enzyme is also present in particulate fractions. Trams & Lauter [4] proposed the plasma membrane as a source for particulate ADA from cultured brain cells. These authors found that there is a moderate enrichment o f this enzyme in those fractions that also showed an enrichment of 5'-nucleotidase, a presumed plasmamembrane marker enzyme [4] . The enzyme is also present in particulated fractions, such as synaptosomes or microsomes from rat brain, with the same topology as 5'-nucleotidase [S].
In some tissues, ADA is bound to a protein, called ADAbinding protein. This protein has been found to be bound to the plasma membrane [6, 71 . Although the function of this binding protein has not been determined, it is possible that this protein maintains ADA bound to the plasma membrane. A second hypothesis is that this binding protein can act as a receptor for ADA [8] .
In this study, we measured ADA release from rat intestine by incubation in different media. The incubation with gassed Krebs solution easily extracts the enzyme from intact intestinc. These results support the hypothesis that ADA is an ectoenzyme, probably bound to the membrane by the ADAbinding protein, but with its active site directed towards the lumen.
Matericils utid methods
Small-intestine fragments ( 10 cm long) were removed from male Sprague-Dawley rats (250-300 g) which had
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been beheaded and exsanguinated. The fragments were immediately washed with an ice-cold Krebs solution gassed with carbogen. The Krebs solution contained 133 mM-NaCl, 4.7 mM-KCI, 2.52 mM-CaCI,, 1.3 mM-NaH2P0,, 16.3 mMNaHCO,, 0.6 mM-MgSO, and 7.8 mM-glucose. Fragments were cut longitudinally and the mucosa was mechanically removed (for fragments without mucosa) or left (for fragments with mucosa). Incubation was performed in a water bath at 30 k 0.1"C for 10 min, with 1 0 ml of incubation solution/gram wet weight of tissue.
The determination of enzyme activities was carried out at 30+0.1"C in 1 cm path-length cells in a Pye Unicam SP 1700 spectrophotometer, equipped with a thermostatically controlled cuvette holder and an AR 25 continuous chart recorder. ADA activity was measured by following the decrease in absorbance at 265 nm [Y] . A unit of ADA activity is defined as the amount of enzyme which transforms 1 pmol of adenosine in 1 s at 30f0.1"C (adenosine concentration = 50 p~, 30 mM-Tris/HCI buffer, pH 7.4). Lactate dehydrogenase (LDH) activity was measured by following the change in absorbance at 340 nm due t o the disappearance of NADH [lo] . A unit of LDH activity is defined as the amount of enzyme which transforms 1 pmol of NADH in 1 s at 30 f 0.1"C (pyruvate concentration = 8 15 PM, NADH concentration = 90 p~, 30 mM-Tris/HCI buffer, pH 7.4).
Results
Intestinal fragments with or without mucosa, were incubated for 10 min using the relation 1 g of tissue/l0 ml of incubation medium. The incubation media was Krebs solution containing mixtures of 1 mwadenosine, 500 mM-NaCI and/or 0. lo/" (w/v) bovine serum albumin. During and before the incubations the solution was gassed with carbogen in order to maintain cells alive.
ADA and LDH were determined in the solutions. Table 1 shows the LDH/ADA ratio found in the different intestinal incubations. The LDH/ADA ratio constitutes an easy comparison between the release of both enzymes. A high value of the LDH/ADA ratio can be due to a high value of the released LDH activity, or to a low value of the ADA released, or both.
From the results in Table 1 it is clear that the LDH/ADA ratios found in incubates (with or without mucosa) are always Vol. 18 lower than those obtained in the respective homogenates. This is a clear indication that, in incubates, ADA is more easily extracted than LDH.
The correlation between values obtained with and without mucosa is poor. Thus, for instance, media containing NaCl extract comparatively more LDH in intestine with mucosa, whereas this is not always true in the case of intestine without mucosa. In incubations of intestine without mucosa with NaCl and bovine serum albumin, or with NaCI, bovine serum albumin and adenosine, a high LDH/ADA ratio is found, but the ratio diminishes markedly when using NaCl alone or in combination with adenosine.
When comparing the results obtained in the incubations performed with mucosa it should be noted that high LDH/ ADA ratios were found when the incubation medium contained NaCI. In contrast, lower values, even when compared with that those obtained in Krebs solution, were obtained with medium containing adenosine and/or bovine serum albumin.
In the case of mucosa non-containing intestine, the higher LDH/ADA ratios were obtained when incubations were carried out with bovine serum albumin.
Discussion
This paper presents some evidence to suggest that ADA is an ectoenzyme. The greater release of the enzyme from the intestine with mucosa, compared with that of LDH (a cytoplasmic enzyme), shows that both enzymes do not exhibit the same compartmentalization in the cell. ADA can be released although the cells are intact, and this supports the hypothesis that ADA is bound to plasma membranes or that it can be translocated across plasma membrane. These hypotheses agree with the results of Trams & Lauter 141, who found a parallel enrichment of 5 '-nucleotidase (a presumed plasmamembrane marker enzyme) and of ADA in plasma membrane from cultured brain cells. The easy release of ADA agrees also with the results obtained in synaptosomes and microsomes from rat brain by Franco el ul. [5] , who observed a identical topology of ADA and 5'-nucleotidase.
Some authors observed two forms of ADA 111, 121. The small form (C form) is catalytically active and has an M , of around 40000. The C form can bind to the ADA-binding protein to form a complex with an M , up to 200 000, which is called A form [ 11, 121. Although the release of ADA is easy, since it is presumably weakly bound to membranes, we have not detected the ADA-binding protein in homogenates of rat tissues [2, 131. This can be explained by considering that the interaction of ADA-binding protein with membranes of rat tissues is strong; thus it is difficult to solubilize it in tissue homogenates. Finally, it is suggested that ADA can cross the plasma membranes through a mechanism in which the binding protein is involved. This has been recently demonstrated by Schrader et al. [8] in rabbit kidney using immunochemical localization of both proteins (enzyme and binding protein).
The heterogeneity of the results obtained with or without mucosa by incubating with media containing adenosine, NaCl or bovine serum albumin, cannot be explained from our study. More experimental work is required to elucidate the effect of these compounds upon the extraction of LDH and ADA activities from intestine.
